The therapeutic effect of an alkaloid-rich fraction of the chloroform-methanol extract of Abrus precatorius seeds on paracetamol-induced hepatotoxicity in rats was investigated in this study. The extract was fractionated in a 17.5 × 2.5 cm Sephadex G15 swollen, packed and eluted with water. The fractions were spotted on F 2.54 pre-coated thin layer chromatography (TLC) plates and sprayed with Drangendorff's reagent. The fractions that turned purple indicating the presence of alkaloids were pulled together and used in the study. Hepatotoxicity was induced using per oral 2500 mg/kg b.w. of paracetamol. Treatment with the fraction caused a dose-dependent significant decrease (p ˂ 0.05) in the activity of serum liver marker enzymes [alkaline phosphatase (ALP), aspartate transaminase (AST), alanine transaminase (ALT), bilirubin levels, serum urea, creatinine and Malondialdehyde (MDA)] concentrations when compared with the positive control, while there was a significant increase (p ˂ 0.05) in the superoxide dismutase (SOD) activity of the treated rats when compared with the positive control. The haematological parameters of the rats treated with fraction I showed significant increases (p˂0.05) in the packed cell volume (PCV) levels, haemoglobin (Hb) concentration and red blood cell (RBC) count compared to the positive control. From these findings, the alkaloid-rich fraction had a therapeutic effect on the paracetamol-intoxicated rats but the standard drug used was more potent.
INTRODUCTION
The liver is the largest and the most vital organ of the human body due to its wide range of functions which includes metabolism, detoxification, and synthesis of several biochemical markers needed for efficiency of the system (Garba et al., 2009) . Despite the numerous functions of the liver, it is also the prime target of virtually all xenobiotic that comes into the body system. Hence a malfunctioning of the liver is detrimental to the human health. Hepatotoxicity is a very common ailment that could result into metabolic frailty leading to death. Liver disorders have continued to cause serious health problems and its management is a challenge to the *Corresponding author: E-mail: parker.joshua@unn.edu.ng.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License modern medicine (Joshua et al., 2016) . However, there is need to source for new drugs that are more effective and efficient from our natural reserves knowing fully well that plants have provided remedy for several ailments. For example, drugs like codeine, digitoxin, chloroquine, pilocarpine, paclitaxel, artemisinin and silymarin are all from natural sources (Ciddi, 2012) .
Paracetamol (acetaminophen) is a generally accepted pain reliever and antipyretic agent which leads to acute liver damage at an overdose (Chun et al., 2009 ). Metabolism of paracetamol mainly takes place in the liver which brings about the formation of glucuronide and their sulphate conjugates which are eliminated via the bile duct (Isao et al., 2004) . However, at overdose an increased volume of N-acetyl-P-benzoquinone imine (NAPQI) a toxic metabolite is formed due to the actions of cytochrome P-450 enzymes on the excess paracetamol (Jollow et al., 1974) . At therapeutic dose, a limited quantity of NAPQI is produced by the liver which is initially detoxified by conjugation with reduced glutathione (GSH) to form mercapturic acid (Savides and Oehne, 1983) . When an overdose of paracetamol is taken, formation of NAPQI increases which inversely reduces the rate of detoxification by GSH in the liver thus causing an excess of the highly reactive NAPQI to be present in the liver which will give rise to oxidization of tissue macromolecules such as lipid or SH group of protein and alteration of the homeostasis of calcium thereby resulting to liver damage (Vermeulen et al., 1992) . Silymarin a potent antioxidant is a standard drug from plant source used for liver diseases (Peter, 2015) .
Abrus precatorius is plants that have been used in ayurvedic medicine. It belongs to the family of fabaceae, a plant that originated from Southeast Asia and now can be found in subtropical climate areas such as India, Sri Lanka, Thailand, the Philippine Islands, South China, Tropical Africa and the West Indies (Vavaprasad and Varahalarao, 2009) . Research has shown that the roots, seeds and leaves of A. precatorius possess various medicinal properties which includes anti-spasmodic, antifungi, anti-tumor, anti-bacterial, analgestic, antiinflammatory, anti-diabetic, anti-serotonergic, antimigraine, uterine relaxation effect and uterine stimulant effect (Anupama and Sanjay, 2013; Gupta, 2006) . However, the major activity of the plant seeds includes: anti-tumour, immunomodulating, anti-platelet, antiinflammatory, anti-allergic, molluscicidal, insecticidal, anti-bacterial, anti-diarrhoeal, anti-fertility activity in male and abortifacient activity in female (Nwodo and Alumanah, 1991; Ranju et al., 2009) . The works of Dipanjan and Tapas (2007) and Battu and Kumar (2009) have shown that phytochemicals such as isoflavonoids, flavonoids, proteins, alkaloids, carbohydrates and triterpinoids are present in the seeds of A. precatorius and these phytochemicals have been suggested to be responsible for the medicinal properties observed in most medicinal plants (Ukegbu et al., 2016) . However alkaloids such as boldine, protopine, berberine, columabmine, oxycathine, yatroricine, atropine, reserpine, and pilocarpine have also been shown to be potent against liver disorders (Valan et al., 2010) . Based on this premise, this research was aimed at looking at the therapeutic ability of an alkaloid rich fraction of A. precatorius seeds.
MATERIALS AND METHODS

Collection and identification of plant materials
The seeds (red and black dot) of A. precatorius Linn Fabaceae was collected from Igala Area of Kogi State and approved by Mr. Alfred Ozioko of Bio-resources Development and Conservation Programme (BDCP), Nsukka, Nigeria.
Preparation of plant extract and fraction
The seeds of A. precatorius were pulverized using a high speed grinder. Six hundred grams (600 g) quantity of the crushed seeds was macerated in a mixture of 400 ml of methanol and 800 ml of chloroform for 24 h (Harborne, 1998) . The macerate was filtered through Whatman no. 4 filter paper and the filtrate shaken with 0.2 volume water to obtain two layers. The upper methanol layer was collected and the extract concentrated using magnetic stirrer to get a dry weight of 12.51 g. Fractionation of the dry residue was done by gel filtration, using Sephadex G15 which was allowed to swell for 3 h and packed in a column of height 27 cm and diameter 2.5 cm. The extract was diluted with distilled water and introduced into the column and eluted with water. Fractions (3 ml) were then collected in test tubes labelled 1-50 (of about 3 ml each). The absorbance reading of various fractions was read in a UV-Visible spectrophotometer at 265 nm.
A plot of absorbance against the fractions was drawn to produce elution profile with different peaks of fraction range as shown in Figure 1 . The fractions were spotted on a TLC plate (precoated with silica gel) and was left to dry for about 1 h. Afterward, it was inserted into the chromatographic tank (made up of butanol, acetic acid and water in ratio of 65:13:22, respectively) which was allowed to equilibrate for 1 h. After development of the TLC plate, it was sprayed with Drangendorff's reagent. The spots that turned purple indicating presence of alkaloids were pulled into a beaker as fraction I while the other fractions in which there was no colour change were pulled together as fraction II. The fractions were dried using magnetic stirrer, however fraction I was used in the study (Triggle, 1993; Peter et al., 2006) .
Experimental animals
Twenty-five (25) Wistar albino rats weighing 70 to 100 g were used for this study. They were obtained from the rat house of Department of Zoology, Faculty of Biological Sciences, University of Nigeria, Nsukka, Enugu State, Nigeria. These animals were allowed free access to water and feed (Vital feed® Jos, Nigeria) and were acclimatized to laboratory conditions for 14 days before the experiment was carried out. Clearance and approval for the humane use and handling of laboratory animals were given by the ethical committee of Biochemistry Department University of Nigeria, Nsukka in accordance with laboratory practice regulation and the principle of humane laboratory animal care as documented by Zimmermann (1983) .
Experimental protocol
All animals were randomly divided into five groups of five rats per group based on the similarity of their weight: Group 1 (normal control group): received 5 ml/kg of normal saline (p. o); group 2 (positive control group): received paracetamol 2500 mg/kg body weight (Mitchell et al., 1973) ; group 3 (standard control group): received paracetamol 2500 mg/kg body weight and silymarin a reference drug 100 mg/kg body weight. (p. o) for 7 days; group 4 (test group): received paracetamol 2500 mg/kg body weight and 100 mg/k.g body weight of the alkaloid-rich fraction for 7 days; group 5 (Test group): received paracetamol 2500 mg/kg body weight and 200 mg/k.g body weight of the alkaloid-rich fraction for 7 days. It should be noted that this work is a therapeutic work which is clearly stated from the topic not protective. The fraction was given to the rats after inducing liver damage on the rats. The fraction was given 24 h after paracetamol overdose, when liver damage has been confirmed by the activity of the liver marker enzymes.
Estimation of biochemical parameters
Determination of aspartate aminotransferase activity and alanine aminotransferase activity was carried out using the method of Reitman and Frankel (1957) . Alkaline phosphate activity was estimated using the method of Klein et al. (1960) , Babson (1965) and Babson et al. (1966) . Determination of total bilirubin concentration was done as described by Jendrassik and Grof (1938) , while the determination of urea concentration was done using the method described by Fawcett and Scott (1960) . Serum creatinine concentration was determined using the method described by Bartels and Rohmen (1972) . Hemoglobin concentration was carried out by the method described by Dacie and Lewis (1991) while packed cell volume was done using standard technique as described by Ochei and Kolhartar (2008) . Red blood cell count was determined using the method as described by Cheesbrough (2005) , while white blood cell count was determined using the standards technique as described by Cheesbrough (2008) . Serum sodium ion concentration and serum potassium ion concentration were determined by the method of Tietz (1976) while determination of serum chloride ion was done by the method described by Skeggs and Hochstrasser (1964) . The activity of SOD was evaluated by the method of Xin et al. (1991) , and more so determination of malondialdehyde (MDA) a product of lipid peroxidation was done as described by Wallin et al. (1993) .
Statistical analysis
The results of this study were expressed as means ± SEM and tests of statistical significance were carried out using one way analysis of variance (ANOVA). The Statistical Product for Service Solutions (SPSS), version 20 was used. P values<0.05 will be considered significant.
RESULTS AND DISCUSSION
A. precatorius seeds have been shown to contain three alkaloids which are precatorine, trigonelline and a sugar ester of trigonelline (Rajaram and Janardhanam, 1992; Amuta et al., 2011) . These alkaloids especially trigonelline have been shown to possess numerous pharmacological effects which includes antibiotic, antioxidant, nutritional, and anti-toxic effects (Rajaram and Janardhanam, 1992; Lakshmi et al., 2006; Amuta et al., 2011) . In the present research work, we looked at the therapeutic effect and alkaloid-rich fraction of A. precatorius seeds on paracetamol-induced hepatotoxicity in Wistar albino rat. Previous works by Battu and Kumar (2009) showed the hepato-protective ability of the hydro alcoholic seed extract of A. precatorius seeds, however, this work tends to look at the therapeutic potency of an alkaloid rich fraction of A. precatorius seeds.
In this research work, administration of paracetamol at the dose of 2500 mg/kg, per oral to an overnight (12 h) fasting rats resulted in significant (p< 0.05) increase in both serum alanine transaminase (ALT) and aspartate transaminase (AST) levels. Thus, this is in agreement with the works of Randle et al. (2008) and Rasool et al. (2010) who have reported elevations in serum transaminases (ALT and AST) after administration of high doses of paracetamol in Wistar albino rats. Due to the localization of these enzymes (ALT and AST), measurement of its activities in serum will give an indication of the status of the liver in disease conditions. However according to Drotman and Lawhorn (1978) , increase in the enzyme activities of AST and ALT in the serum are pointers to cellular leakage and loss of functional integrity of cell membrane in liver, however, ALT is more specific in testing for liver damage because it is localized in the liver (Rajkapoor et al., 2008) . In this study, increase in the serum levels of ALT and AST was observed after acetaminophen administration which is a 46.00 ± 2.6* 23.50 ± 2.9* 83.00 ± 4.6* 0.52 ± 0.02* Values are mean ± SEM; n = 3 animals per group; where P<0.05 is considered significant when compared with positive paracetamol control group. The symbol * indicates significant difference across the groups when compared to the positive control group. T. bil = Total bilirubin. sign of hepatotoxicity, however, the significant (p< 0.05) increase in the levels of these enzymes were not observed in the groups treated with alkaloid-rich fraction as shown in Table 1 indicating that the fraction was able to inhibit destruction of the cell membrane by toxic metabolite (NAPQI) of paracetamol and preventing leakage of the hepatocellular enzymes into the system. This suggest that alkaloids have membrane stabilization effect which is in tandem with the works of Vijayalakshmi et al. (2011) where the anti-anaphylactic and antiinflammatory activities of a bioactive alkaloid from the root bark of Plumeria acutifolia Poir were analyzed.
Serum alkaline phosphatase (ALP) activity and bilirubin levels are related to the functionality of the liver. ALP lines the cells in the biliary ducts of the liver, when the bile ducts are blocked maybe by a tumor or inflammation; ALP and bilirubin levels will be increased much more than the normal range. High levels of ALP and bilirubin in serum are due to increased synthesis by cells lining bile canaliculi usually in response to cholestasis and increased biliary pressure (Gaw et al., 1999) . Increase in bilirubin concentration might also be as a result of the breakdown of hemoglobin by the free radicals generated by NAPQI. Our study shows that treatment with the alkaloid rich fraction of A. precatorius seeds was able to prevent the observed increases in levels of ALP and bilirubin after acetaminophen administration in untreated groups. Proper control of bilirubin levels and alkaline phosphatase activity shows an improved secretory mechanism of the hepatic cells by the alkaloids present in the alkaloid rich fraction.
Lipid peroxidation is an oxidative destruction of the lipid bilayers of the cell membrane. This destructive process in liver injury occurs due to an overdose of acetaminophen and generation of highly toxic and reactive compound NAPQI (Muriel, 1997) . In this study, an elevation in the levels of malondialdehyde (MDA), a product of lipid peroxidation was observed in the serum of animals treated with acetaminophen only. The increase in MDA concentration in the liver suggests an increase in lipid peroxidation leading to tissue damage and inability of the antioxidant defense mechanisms to mop up free radicals thus prevent formation of excess free radicals that causes cell membrane destruction. However treatment with the fraction significantly (p<0.05) lowered the concentration of MDA (Table 2) . Hence, it is likely that the mode of action of the therapeutic potency of the alkaloid rich fraction of the extract is due to its antioxidant effect knowing fully well that the seeds of A. precatorius contain a potent alkaloid trigonelline, which is known for its antioxidant effect (Rajaram and Janardhanam, 1992) .
Activity of serum superoxide dismutase (SOD) is the major sensitive antioxidant enzyme in drug induced liver injury caused by free radicals and oxidative stress (Curtis and Mortiz, 1972; Hijora et al., 2005) . It functions by scavenging the superoxide radical anion to form Values are mean ± SEM; n = 3 animals per group; where P<0.05 is considered significant when compared with positive paracetamol control group. The symbol * indicates significant difference across the groups when compared to the positive control group.
hydrogen peroxide thus reducing the toxic upset caused by this radical. In this study, Table 2 shows posttreatment with the alkaloid rich fraction resulted in a significant increase (p<0.05) in hepatic SOD activity, thus, reducing the reactive free radical induced oxidative damage to the liver. This shows that the fraction contains alkaloids that have antioxidant effect against reactive oxygen species that could inhibit oxidative damage. This corresponds with the works of Racková et al. (2004) , which showed that alkaloids possess antioxidant effect. Several metabolic disorders which includes urea and creatinine imbalance are possible in the cases of paracetamol overdose intake (Kale et al., 2012) . Serum urea and creatinine are kidney markers used to test for the functionality of the kidney in a diseased state. Urea is a waste product of protein catabolism that should be excreted through the urine while creatinine is also a waste product of the breakdown of creatine phosphate in the muscle and is usually produced in the body in proportion to body mass. However increase in serum urea and creatinine levels may occur when the rate of breakdown of proteins and intracellular macromolecules of the muscle tissues exceeds the rate of their clearance (glomerular filtration rate). In this study as shown in Table  2 , induction of an overdose of acetaminophen resulted to a significant increase (p< 0.05) in the serum urea and creatinine levels which could be as a result of kidney damage or increase in breakdown of intracellular membrane protein, muscle mass or creatinine phosphate by free radicals generated by NAPQI. This might also account for the loss of weight experienced by the rats in the group that received acetaminophen only. However, in the groups treated with the alkaloid rich fraction, there were marked reduction in serum urea and creatinine levels (Table 2) , which shows that the fraction could contain compounds that inhibit the damage of kidney and improve functionality probably by increasing the cell membrane stability seen earlier in the works of Vijayalakshmi et al. (2011) .
Electrolytes are electrically charged mineral that aids to maintain healthy water balance, move nutrients into and wastes out of the body's cells and also stabilize the body's acid/base (pH) level. The levels of electrolytes, creatinine and urea in the serum are a valid indication of the kidney function, principally in excretion and homoeostasis. In this study, low levels of serum electrolytes (Na + and Cl -) was observed in the groups that received only an overdose of acetaminophen and this loss in electrolytes could be as a result of impairment in the kidney function or insensitivity to the antidiuretic, aldosterone and parathyroid hormone in maintaining the electrolyte balance of the system. However, potassium an intracellular ion showed an increased concentration in the groups that received only the toxicant as shown in Table 3 . This could be as a result of renal failure (Henry et al., 1974) or metabolic acidosis which may be caused by the formation of mercapuric acid a compound formed by the reaction of the toxic metabolite of acetaminophen (NAPQI) with glutathione. However, treatment with alkaloid-rich fraction of A. precatorius seed extract was able to maintain the electrolyte balance of the rats. This shows that the extract contains some active biochemical compounds that have the capacity to preserve and even counteract the effect of the toxin against the functionality of the kidney cell. This preservative effect could be as a result of some bioactive compounds such as precatorine and a sugar ester of trigonelline (Lakshmi et al., 2006) inherent in the alkaloid rich fraction of the seeds of A. precatorius.
Hematology is an aspect of medicine concerned with study of diagnosis, treatment, and prevention of diseases that are related to the blood. Table 4 shows hematological parameters which includes packed cell volume (PCV), hemoglobin (HB), red blood cell (RBC) showed significant (p<0.05) decreases in groups (negative) that received only the toxicant when compared to the positive control. PCV measures the percentage of packed cells volume of the blood especially RBC in a whole blood sample after centrifugation, while hemoglobin estimation test measures the amount of Hb in grams in 1 dl of whole blood and provides an estimate of oxygen carrying capacity of the RBCs (Nwodo et al., 2010) . This decrease could be as a result of anemia, haemolysis or inability of the kidney to produce a hormone called erythropoietin which stimulates the production of red blood cells as a result of kidney failure. However, treatment with the extract showed a dosedependent significant increase (p<0.05) in these hematological parameters when compared to the negative control group. However, the extract was able to maintain the hematological parameters within the normal range when compared to the negative control. This shows that the extract could have the ability to regenerate red cells in case of loss, prevent hemolysis and maintain the blood level in the body. However, this result is similar to the works of Owoyele et al. (2005) and Joshua et al. (2016) which show that plant extract rich in alkaloid has the ability to maintain and improve red cells. WBC is usually important in fighting against infections, a significant increase in the white blood cell count (WBC) was observed in the group that received only the toxicant. This could be as a result of infestation, anemia, infections, tissue damage inflammation or the body in its mechanism fighting the foreign compounds (Nwodo et al., 2010) . However, treatment with the alkaloid rich fraction and the standard drug was able to inhibit cellular damage which is evident in the significant decrease observed in the treated groups when compared to the positive control group. By this result, it could be deduced that there was no anemic condition, infection or tissue damage among the treated groups and the fraction could have potential of boosting the levels of RBC, HB and PCV and also maintain the WBC count in both normal and pathological conditions.
From the data obtained from our findings, it is evident that the alkaloid-rich fraction of A. precatorius methanol extract prevented liver damage in the paracetamolintoxicated rats, by preventing leakage of liver enzymes into system, enhancing the synthesis of antioxidants and reducing lipid peroxidation in a dose-dependent manner, hence its use as hepato-protective agents may have scientific bases. However, further purification with different organic solvents combination needs to be done on this alkaloid rich fraction in other to extract other purer compounds from this fraction because it is possible that this fraction might not contain only the three alkaloids mentioned above.
Conclusion
From the data obtained from this findings, we can deduce that the alkaloid-rich fraction of A. precatorius methanol extract have the potency of regenerating nonfunctional/dead liver cells through enhancing the synthesis of antioxidants or reducing lipid peroxidation in a dose-dependent manner and other mechanisms that might be unknown. Hence, there is need to identify the active compound(s) of this alkaloid rich fraction of A. precatorius seeds.
